Abstract. Many organisations are currently restricted in their choice of software because of restrictions imposed by existing systems. Challenges include a lack of interoperability and a risk of technological lock-in, which many small companies seek to address by utilising Open Standards and Open Source implementations of such standards when developing and deploying systems. This paper presents an overview of how the industrial research project ORIOS (Open Source software Reference Implementations of Open Standards) seeks to address identified challenges. An overarching goal of the project is to improve understanding within organisations of Open Standards, Open Source Reference Implementations, and the ecosystems around them. This will be done by developing a reference model of necessary and desirable features of an Open Standard, and how Open Standards and their implementations can be utilised by small companies in different usage contexts. An action case study approach will be used as a core strategy for evolving a reference model together with Swedish companies.
Introduction
Amongst many small companies it is widely recognised that Open Standards inherently open up markets by counteracting monopolies based on proprietary technologies. They also offer increased opportunities through promoting interoperability (Ghosh, 2005) . Such approaches are being reinforced by a number of international initiatives, including the European Interoperability Framework (EIF version 1.0) which promotes Open Standards as part of a strategy for interoperability (EU, 2004) . Previous research has shown the importance of using Open Standards for maintenance of digital assets in long-term usage scenarios .
The paper presents an overview of the ongoing ORIOS (Open Source software Reference Implementations of Open Standards) project, an industrial collaborative research project, which addresses a number of challenges experienced by small companies that relate to Open Standards and the potential for their implementation in Open Source software, including different types of lock-in and a lack of interoperability.
The central concepts and the scope for a reference model on Open Standards and their implementations in Open Source software which is to be developed during the project is presented in Figure 1 . It clarifies that Open Standards can be implemented in Open Source Reference Implementations, and outlines that implementations of such standards can be used in different applications that are provided under different (proprietary and Open Source) software licenses.
The anticipated reference model characterises desirable properties for Open Standards and Open Source Reference Implementations for different usage scenarios and thereby provides guidance to different stakeholders groups and organisations in this domain. Somewhat simplified, an Open Standard is a standard which possesses certain 'openness' properties, and an Open Source Reference Implementation is a reference implementation of the specification of a standard that is licensed under an Open Source license. A Reference Implementation is an implementation of a specification which can be used as a definitive interpretation of the standard's specification. 
Why Open Standards?
According to the European Commissioner for Competition Policy: "Interoperability is a critical issue for the Commission, and usage of well-established open standards is a key factor to achieve and endorse it." (Kroes, 2008) A number of European countries are currently adopting national policies on Open Standards and some even require Open Standards in public procurement. For example, both the current and previous Swedish governments have expressed their support for Open Standards. With the directive ("Delegation för e-förvaltning", Dir. 2009:19) and SOU (2009:86) it is likely that Open Standards will play a much more significant role in the Swedish IT sector. The Swedish minister responsible for the e-Government Delegation has expressed strong support for Open Standards as defined in SOU (2009:86) and EIF version 1.0 (Odell, 2009) .
Today, many companies and public sector organisations provide services to citizens and organisations that are dependent upon a well-functioning underlying IT-infrastructure. Much of this infrastructure is based on Open Standards, with the Internet and the web at its core. Many organisations, especially small companies, would simply not have existed without infrastructure and systems based on Open Standards. In essence, Open Standards drive innovation (Berners-Lee, 2010).
However, there is evidence of considerable confusion amongst software providers, software procurers and politicians about the meaning and impact of openness in standards (Lundell, 2011 (Lundell, , 2012 . This lack of clarity can have many negative impacts, from clouding the public debate over appropriate legislation to confusing potential customers about the importance of software compliance (Lundell, 2012) . Therefore, whatever position is taken about Open Standards it seems clear that there is a pressing need for informed legislation on the one hand and informed decision making by purchasers and providers of software on the other. Anything less has the potential to reduce competitiveness in the hugely important global market in ICT.
Challenges and Effects of Open Standards
During the last decade, a number of European governments have adopted Open Standards in their policies in order to address a number of fundamental challenges in the ICT marketplace, such as lock-in, interoperability and procurement. There are a number of stakeholder roles in the marketplace that affect and are affected by the provision and adoption of Open Standards. The project addresses such challenges.
It is widely recognised that Open Standards, and especially when implemented in Open Source software, have the potential to address a number of fundamental challenges which are especially troublesome for small companies. First, a primary motivation for Open Standards is that they promote a healthy competitive market (Ghosh, 2005; Krechmer, 2005; Simcoe, 2006; Lundell and Lings, 2010) . For example, the existence of an Open Standard reduces the risk and cost of market entry, and so encourages multiple suppliers. According to Simcoe (2006) , this in turn leads to lower prices and improved product quality. A second motivation is that insistence on Open Standards reduces the risk to an organisation of being technologically locked-in. Open Standards increase control by supporting migration, thereby reducing an organisation's reliance on a single product or supplier (Ghosh, 2005; Krechmer, 2005; Berkman, 2005; Bhattacharya et al., 2007; Simon, 2005; West and Dedrik, 2001; Lundell, 2011) . A third motivation is that Open Standards are a basis for interoperability. A significant current problem in many organisations is that they are restricted in their choice of software because of restrictions imposed by existing or legacy systems. Interoperability supports systems heterogeneity, thereby increasing options for organisations (Bird, 1998; Ghosh, 2005; Krechmer, 2005; Fomin et al., 2008) . A fourth motivation is that Open Standards offer a basis for long-term access and reuse of digital assets, and in particular when supported by Open Source Reference Implementations (Behlendorf, 2009; Lundell et al., 2011) . Having a precise definition of a digital format clearly offers some protection for the long-term interpretation of digitally stored materials; in extremis a converter could be written against the specification in the Open Standard. This is becoming an increasingly well recognised issue for many organisations, especially in the public sector (Gamalielsson and Lundell, 2010; Lundell, 2011; Lundell and Lings, 2010; National Archives Australia, 2006 
The ORIOS Project
The ORIOS project has two primary scientific objectives. The first is to explicate the concept of Open Standard and its implementation as Open Source Reference Implementations, thereby making it easier for stakeholders to communicate unambiguously about the costs, benefits and effects of different adoption options. This includes investigation of specific examples of Open Standards and Open Source Reference Implementations, and their effects on the market: in terms of penetration, support and overall impact. One important dimension of the study constitutes an investigation of impact within the Open Source area; particularly with respect to tools, implementations and platforms utilising the standards. The second is to develop a reference model, based on the investigations of specific examples of Open Standards and Open Source Reference Implementations, for guiding organisations on how to utilise Open Standards and Open Source Reference Implementations. The reference model provides detailed guidance, with concrete strategies, for how organisations can utilise Open Source Reference Implementations and Open Standards in different usage scenarios. The project focuses on Open Standards and Open Source Reference Implementations that are of particular interest to all partner companies.
The project undertakes an analysis of organisations and networks that are involved in realising the potential offered by adoption of Open Standards and Open Source Reference Implementations, as users and providers of software systems. In doing so, the study aims to galvanise existing knowledge of Open Standards, particularly in the context of Open Source Reference Implementations, and identify a critical path for Swedish organisations wishing to exploit these in a variety of business models. At root, the major issues around Open Standards and Open Source Reference Implementations exploitation are socio-technical and business oriented rather than purely technical.
To meet the objectives we will utilize an action case research approach (Braa and Vidgen, 1999) . For the first objective this will be supplemented by a study of the appropriate literature reinforced with feed-in from interactive workshops, seminars, and a review of relevant projects (Open Standards, Open Source software, and Open Reference Implementation projects) in order to identify their different characteristics.
Discussion and Implications
The project will provide a comprehensive understanding of the business models emerging from open strategies within specific usage contexts, and have immediate practical implications for business decision makers. Specifically, the project will establish an increased awareness in society and partner companies about opportunities and threats related to Open Standards and Open Source Reference Implementations. Such knowledge is especially important as it directly affects business conditions for small companies. For partner companies, the project will specifically raise awareness of interdependencies between Open Standards and the Open Source software ecosystems, and how this might impact on efforts to build a competitive software market.
It is expected that the project's overall approach will promote significant stakeholder and organisational learning, and improve Sweden's position for taking full advantage of the major international developments in Open Standards and Open Source Reference Implementations, their effect on Open Source software applications and the associated business opportunities which are likely to emerge with growing awareness and policy regulation.
Through our development of a reference model, we will establish key enablers and inhibitors for companies working in the Swedish context. The project will result in considerably increased exposure of Swedish organisations to the true potential of Open Standards and Open Source, which fundamentally affect all Swedish and international organisations.
